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ABSTRACT  
 
Introduction: The Neer classification is the most commonly used fracture classification 
system for proximal humeral fractures. Inter- and intra-observer agreement is limited, 
especially for comminuted fractures. A possibly more straightforward and reliable 
classification system is the Hertel classification. The aim of this study was to compare the 
inter- and intra-observer variability of the Hertel with the Neer classification in comminuted 
proximal humeral fractures. 
Materials and Methods: Four observers evaluated blinded radiographic images (X-rays, 
CT-scans, and CT-scans with 3D-reconstructions) of 60 patients. After at least two months 
classification was repeated.  
Results: Inter-observer agreement on plain X-rays was fair for both Hertel (κ=0.39; 95% CI 
0.23-0.62) and Neer (κ=0.29; 0.09-0.42). Inter-observer agreement on CT-scans was 
substantial (κ=0.63; 0.56-0.72) for Hertel and moderate for Neer (κ=0.51; 0.29-0.68). Inter-
observer agreement on 3D-reconstructions was moderate for both Hertel (κ=0.60; 0.53-0.72) 
and Neer (κ=0.51; 0.39-0.58).  
Intra-observer agreement on plain X-rays was fair for both Hertel (κ=0.38; 0.27–0.59) and 
Neer (κ=0.40; 0.15-0.52). Intra-observer agreement on CT-scans was moderate for both 
Hertel (κ=0.50; 0.38-0.66) and Neer (κ=0.42; 0.35-0.52). Intra-observer agreement on 3D-
reconstructions was moderate for Hertel (κ=0.55; 0.45-0.64) and substantial for Neer 
(κ=0.63; 0.48-0.79).  
Conclusions: The Hertel and Neer classifications showed a fair to substantial inter- and intra-
observer agreement on the three diagnostic modalities used. Although inter-observer 
agreement was highest for Hertel classification on CT-scans, Neer classification had the 
highest intra-observer agreement on 3D-reconstructions. Data of this study do not confirm 
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superiority of either classification system for the classification of comminuted proximal 
humeral fractures.  
4 
 
INTRODUCTION 
 
The incidence of fractures of the proximal humerus is 106 per 100,000 person years and a 
triplication of this number is expected by the year 2030.1 Besides the impact of these 
fractures on health and quality of life, they also impose an economic burden on the society.2-6 
The most important determinants for treatment choice include age, co-morbidities, functional 
demand, surgical expertise, and the personality of the fracture.7 Approximately eighty percent 
of the proximal humeral fractures are minimal or non-displaced fractures which can be 
treated conservatively. However, comminuted fractures (i.e., three-part, four–part, and head-
split fractures) often require surgical treatment.8, 9 
Since most clinical studies include only specific fracture classes, a reliable and 
reproducible classification is needed for adequate patient selection. The most frequently used 
classification systems for the proximal humeral fractures are the Neer and the AO 
(Arbeitsgemeinschaft für Osteosynthesefragen) classifications.10 Unfortunately both 
classifications showed disappointing inter- and intra-observer agreement with kappa values 
below 0.40 for classifying comminuted proximal humeral fractures.11-14 The Neer 
classification defines fracture displacement as a 1-cm distance and/or a 45° angle between 
fragments.15 Exact measurements of the displacement and angulation make this system 
difficult to apply in clinical practice. Therefore, a classification system with better reliability 
and reproducibility for comminuted proximal humeral fractures is warranted. Such a 
classification system may guide treatment and evaluation of results.16, 17 A classification 
system that potentially meets these criteria is the Hertel classification. This classification is 
also known as the Lego-system, which is based upon the four-part concept of Codman.18, 19 
 The aim of this study was to compare the inter-observer reliability and intra-observer 
reproducibility of the Hertel with the Neer classification for comminuted proximal humeral 
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fractures.
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MATERIALS AND METHODS 
 
Radiographs 
Radiographic images were selected from hospital records and from the radiology system 
PACS (Picture Archiving and Communication System) of two Level 1 trauma centers using a 
unique identifying code for diagnosis and treatment of all consecutive proximal humerus and 
humeral shaft fractures (Diagnose Behandel Combinatie, DBC, 207), or based upon the 
Abbreviated Injury Score (AIS90; 752600.2 Humerus - fracture NFS, 752602.2 Humerus - 
fracture - closed/undisplaced, 752604.3 Humerus - fracture - open/displaced/comminuted, 
752606.3 Humerus - fracture - with radial nerve involvement).  
All consecutive adult patients diagnosed with a comminuted (three- and four part and 
head-split fractures) fracture of the proximal humerus between January 1 2003 and October 
15 2010 of whom plain X-rays and CT-scans were available, were found eligible. 
Pathological and recurrent fractures were excluded. The principal investigator (GITI) was 
adequately trained and had sufficient experience to select the radiographic images meeting 
the criterion of representing a comminuted fracture. The first eligible 60 patients were 
selected. Comminuted fractures were defined as three-part, four-part, and head-split fractures 
according to Hertel. 
Radiographs obtained from the standard trauma series were used. This series at least 
had to include anteroposterior and lateral views. Radiographs accepted for clinical decision 
making were regarded of sufficient quality for inclusion. Two X-rays were available for 50 
patients, three for seven patients and four for three patients. The 3D-volume rendering 
reconstructions were made using an open-source program (OsiriX version 3.9.2, Geneva, 
Switzerland).20 The reconstructions could be rotated over both X- and Y-axis and consisted of 
40 images per axis. All X-rays and CT-scans were collected and blinded by the principal 
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investigator, who did not participate in the classification of the images. In order to guarantee 
identical viewing conditions all observers evaluated all images with the same open-source 
viewer (ClearCanvas Workstation version 2.0, Toronto, Canada). For every observer the 
cases were presented in a different, random order. 
 
Hertel classification 
The Hertel classification is based upon Codman’s traditional four-part concept (Figure 1).21 It 
provides a precise description of the fracture pattern by means of five basic fracture planes. 
These fracture planes lie between the greater tuberosity and the humeral head, the greater 
tuberosity and the shaft, the lesser tuberosity and the head, the lesser tuberosity and the shaft, 
and the lesser tuberosity and the greater tuberosity. There are six possible fractures dividing 
the humerus into two fragments, five possible fractures dividing the humerus into three 
fragments, and a single fracture dividing the humerus into four fragments.18, 19 The 
comminuted (i.e., 3- and 4-part and head-split fractures) are marked with red boxes. 
 
Neer classification 
The Neer classification is based on the existence of displacements of one or more of the 
major segments of the proximal humerus: the articular surface, the greater and the lesser 
tuberosity, and the shaft. Displacement is defined as an at least 1-cm distance and/or a 45° 
angle between fragments.22, 23 
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Figure 1 Hertel classification 
 
Combining the fracture planes between the head (red), the greater (blue) and lesser (yellow) 
tuberosity and the shaft (green) results in 12 possible fracture patterns. Eight fracture patterns 
were considered as comminuted and were included this study (7, 8, 9, 10, 11, 12, 13 and 14). 
(Reprinted with permission from Hertel R, Hempﬁng A, Stiehler M, Leunig M. Predictors of 
humeral head ischemia after intracapsular fracture of the proximal humerus. J Shoulder 
Elbow Surg 2004;13:427-33.)18, 19 
 
Classification 
All images were classified independently by two senior shoulder expert trauma surgeons 
(DDH and NWLS) and by two senior radiologists with primary orthopedic trauma focus 
(GSRM and LFMB). All images were provided in random order, and the observers were 
given as much time as needed for accurate assessment. The observers were blinded to clinical 
information and treatment strategies of the patients, and were not allowed to discuss their 
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observations with other investigators. All observers were familiar with the Neer and Hertel 
classification. In order to ensure unambiguous application of both fracture classification 
systems, a clarification of both classification systems was provided with each questionnaire, 
along with a standard evaluation form. 
The images were classified three times, and were randomly provided in different order 
each time. The first evaluation was used for determining the inter-observer agreement on X-
rays, CT-scans, and 3D-reconstructions separately. In order to determine the intra-observer 
agreement, the images were re-evaluated again after at least two months.. 
 
Statistical analysis 
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 16.0 
(SPSS, Chicago, Ill., USA). Kappa statistics were calculated using MedCalc version 12.4.0. 
Normality of continuous data was tested by inspecting frequency histograms (Q-Q plots), and 
homogeneity of variances was tested using the Levene’s test. 
Data were analyzed using kappa statistics, as described by Cohen.24 The kappa 
coefficient represents the agreement between two sets of observations compared with the 
likelihood of agreement based on chance alone. The kappa coefficient ranges from 1 (perfect 
agreement) to <0 (systematic disagreement, or no more agreement than would be expected by 
chance alone). The kappa values for inter-observer agreement were calculated for each 
possible pair of observers in the first round before calculating the mean kappa value. The 
kappa values for intra-observer agreement were calculated for each of the four individual 
observers before calculation the mean kappa value.25 Interpretation of the values was carried 
out according to the guidelines of Landis and Koch which suggest that values <0 represent 
poor reliability; 0.00-0.20 slight agreement; 0.21-0.40 fair agreement; 0.41-0.60, moderate 
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agreement; 0.61-0.80, substantial agreement; and 0.81-1.00 almost perfect agreement.26 
Kappa values are reported with a 95% confidence interval.  
The inter- and intra-observer kappa-values of both classifications and for comparing 
the radiographic modalities (i.e., X-ray versus CT-scan, X-ray versus 3D-reconsruction, and 
CT-scan versus 3D-reconstruction) were compared using the Student’s t-test. The Levene’s 
test was used for assessing equality of variance. The corresponding p-value of the Student’s t-
test was used accordingly. A P-value of < 0.05 was considered statistically significant. 
 
Ethical approval 
The study was exempted by the local Medical Research Ethics Committee Erasmus MC (No. 
MEC-2011-151). For this type of study formal consent is not required. 
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RESULTS 
 
Inter-observer agreement 
An overview of the inter-observer agreement between the Hertel and Neer classifications for 
comminuted proximal humeral fractures on plain radiographs, CT-scans and CT-scans with 
3D-reconstructions is shown in Table 1. The inter-observer agreement on plain radiographs 
was fair for both the Hertel classification (κ=0.39; 95% CI 0.23-0.62) and the Neer 
classification (κ=0.29; 95% CI 0.09-0.42). The inter-observer agreement on CT-scans was 
substantial for the Hertel classification (κ=0.63; 95% CI 0.56-0.72) and moderate for the 
Neer classification (κ=0.51; 95% CI 0.29-0.68). The inter-observer agreement on CT-scans 
with 3D-reconstructions was moderate for both the Hertel classification (κ=0.60; 95% CI 
0.52-0.72) and the Neer classification (κ=0.51; 95% CI 0.39-0.58). Despite the kappa being 
consistently approximately 0.1 point higher for the Hertel classification on X-ray, CT-scans, 
and CT-scans with 3D-reconstructions., no statistically significant differences were found 
between the Hertel and Neer classification for these three modalities.  
Inter-observer agreement was lowest for fractures between the head and the lesser 
tuberosity in radiographs. All four investigators consistently classified the radiographs as 
Hertel type 7 (n=4; see a typical example in Figure 2a) or Hertel type 12 (n=3; Figure 2b). 
However, in 18 other patients, disagreement was noted (i.e., at least one investigator scored 
different from the others; Figure 2c) and were classified as Hertel type 7 or 12. For Neer 
classification only one fracture was classifies unanimously (Figure 2d). As opposed to the 
Hertel classification, no consistent disagreement was  identified.  
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Table 1. Inter-observer agreement of the Hertel and Neer classification on X-rays, CT-
scans and 3D-reconstructions 
 
Observer X-ray CT-scan 3D-reconstruction 
 Hertel Neer Hertel Neer Hertel Neer 
1 + 2 0.23 
(0.00-
0.46) 
0.31 
(0.07-
0.56)  
0.59 (0.39-
0.78) 
0.68 (0.54-
0.83) 
0.53 (0.32-
0.75) 
0.58 (0.38-
0.77) 
1 + 3 0.34 
(0.11-
0.56) 
0.39 
(0.17-
0.61) 
0.60 (0.40-
0.79) 
0.49 (0.31-
0.68) 
0.52 (0.32-
0.72) 
0.53 (0.31-
0.75) 
1 + 4  0.31 
(0.07-
0.54) 
0.38 
(0.12-
0.65) 
0.64 (0.45-
0.83) 
0.57 (0.32-
0.82)  
0.71 (0.55-
0.86) 
0.58 (0.35-
0.80) 
2 + 3 0.62 
(0.46-
0.78) 
0.09 (-
0.13-
0.31)  
0.56 (0.35-
0.77) 
0.29 (0.17-
0.40) 
0.57 (0.40-
0.74) 
0.52 (0.28-
0.75) 
2 + 4 0.37 
(0.15-
0.59) 
0.15 (-
0.12-
0.43) 
0.66 (0.47-
0.85) 
0.52 (0.33-
0.72) 
0.57 (0.37-
0.77) 
0.45 (0.22-
0.68) 
3 + 4 0.46 
(0.23-
0.70) 
0.42 
(0.20-
0.64)  
0.72 (0.57-
0.88) 
0.49 (0.28-
0.69) 
0.71 (0.54-
0.89) 
0.39 (0.16-
0.63) 
Total Fair 
0.39 
(0.23-
0.62) 
Fair 
0.29 
(0.09-
0.42) 
Substantial 
0.63 (0.56-
0.72) 
Moderate 
0.51 (0.29-
0.68) 
Moderate 
0.60 (0.52-
0.72) 
Moderate 
0.51 (0.39-
0.58) 
 P = 0.249 P = 0.067 P = 0.065 
 
 
Kappa values, with the 95% confidence interval between brackets, are shown. For the total 
scores the strength of agreement according to the guidelines of Landis and Koch is also 
shown.26 
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Fig. 2 Radiographs of proximal humeral fractures 
 
a. Fracture pattern classified by all observers as a Hertel type 7. This fracture was 
classified as a Neer two-part surgical neck fracture and a two-part greater tuberosity 
fracture by the observers. 
 
 
b. Fracture pattern classified by all observers as a Hertel type 12. This fracture was 
classified as Neer three-part greater tuberosity fracture, three-part anterior fracture 
dislocation, four-part anterior fracture dislocation and four-part posterior fracture 
dislocation by the observers 
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c. Fracture pattern classified as a Hertel type 7 by two observers and Hertel type 12 by 
the other two observers. This fracture was classified as Neer two-part surgical neck 
fracture by three and as a Neer two-part greater tuberosity fracture by one observer. 
 
 
d. Fracture pattern classified by all observers as a Neer three-part anterior fracture 
dislocation. This fracture was classified as Hertel type 7 by two and Hertel type 12 by 
the other two observers.  
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Intra-observer agreement 
An overview of the intra-observer agreement comparing the Hertel with the Neer 
classification is shown in Table 2. On plain radiographs, the intra-observer agreement was 
fair for the Hertel classification (κ=0.38; 95% CI 0.27-0.59) as well as for the Neer 
classification (κ=0.40; 95% CI 0.15-0.52). On CT-scans, it was moderate for the Hertel 
classification (κ=0.50; 95% CI 0.38-0.66) as well as the Neer classification (κ=0.42; 95% CI 
0.35-0.52). 3D-reconstructions showed the highest agreement. It was moderate for the Hertel 
classification (κ=0.55; 95% CI 0.45-0.64) and even substantial for the Neer classification 
(κ=0.63; 95% CI 0.48-0.79). No statistically significant differences were found. No clear 
trend towards specific fracture lines causing disagreement was found for either classification. 
 When comparing the agreement between different radiographic modalities, the 
agreement between X-rays and either CT-scans or 3D-reconstructions was fair for Hertel and 
poor for Neer (Table 3). Agreement was moderate when comparing CT-scans with 3D-
reconstructions for both classification systems. 
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Table 2. Intra-observer agreement of the Hertel and Neer classification for X-rays, CT-
scans and 3D-reconstructions 
 
Observer X-ray CT-scan 3D-reconstruction 
 Hertel Neer Hertel Neer Hertel Neer 
1 0.59 
(0.42-
0.76) 
0.52 
(0.27-
0.77) 
0.38 
(0.23-
0.53) 
0.43 
(0.29-
0.58) 
0.55 (0.36-0.75) 0.55 (0.38-0.72) 
2 0.27 
(0.10-
0.43) 
0.15 
(0.03-
0.28) 
0.47 
(0.31-
0.62) 
0.39 
(0.24-
0.54) 
0.49 (0.30-0.69) 0.74 (0.59-0.90) 
3 0.41 
(0.32-
0.59) 
0.52 
(0.37-
0.66) 
0.66 
(0.50-
0.82) 
0.35 
(0.20-
0.49) 
0.63 (0.45-0.81) 0.55 (0.34-0.76) 
4 0.27 
(0.10-
0.45) 
0.41 
(0.52-
0.57) 
0.52 
(0.35-
0.69) 
0.52 
(0.37-
0.66) 
0.52 (0.32-0.71) 0.69 (0.53-0.86) 
Total Fair 
0.38 
(0.27-
0.59) 
Fair 
0.40 
(0.15-
0.52) 
Moderate 
0.50 
(0.38-
0.66) 
Moderate 
0.42 
(0.35-
0.52) 
Moderate 
0.55 (0.45-0.64) 
Substantial 
0.63 (0.48-0.79) 
 P = 0.902 P = 0.288 P = 0.188 
 
Kappa values, with the 95% confidence interval between brackets, are shown. For the total 
scores the strength of agreement according to the guidelines of Landis and Koch is also 
shown._ENREF_126
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Table 3. Intra-observer agreement of the Hertel and Neer classification on X-rays vs. CT-scans, X-rays vs. 3D-reconstructions and CT-
scans vs. 3D-reconstructions 
 
Observer X-ray vs. CT-scan X-ray vs. 3D-reconstruction CT-scan vs. 3D-reconstruction 
 Hertel Neer Hertel Neer Hertel Neer 
1 0.04 (-0.11-0.19) 0.17 (0.5-0.30) 0.01 (-0.14-0.17) 0.13 (0.02-0.24) 0.35 (0.18-0.51) 0.34 (0.20-0.49) 
2 0.15 (-0.03-0.34) 0.01 (-0.10-0.12) 0.11 (-0.07-0.29) 0.10 (-0.01-0.21) 0.39 (0.23-0.56) 0.30 (0.17-0.44) 
3 0.28 (0.11-0.45) 0.17 (0.03-0.30) 0.25 (0.08-0.42) 0.11 (0.00-0.22) 0.48 (0.31-0.66) 0.33 (0.19-0.48) 
4 0.43 (0.28-0.57) 0.37 (0.22-0.52) 0.45 (0.29-0.61) 0.35 (0.20-0.49) 0.59 (0.44-0.75) 0.64 (0.51-0.78) 
Total Fair 
0.23 (-0.04-0.49) 
Poor 
0.18 (-0.05-0.41) 
Fair 
0.21 (-0.01-0.51) 
Poor 
0.17 (-0.02-0.36) 
Moderate 
0.46 (0.28-0.63) 
Moderate 
0.41 (0.15-0.66) 
 P = 0.692 P = 0.756 P = 0.628 
 
 
Kappa values, with the 95% confidence interval between brackets, are shown. For the total scores the strength of agreement according to the 
guidelines of Landis and Koch is also shown.26
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DISCUSSION 
 
The results of this study showed that for classification of comminuted proximal humeral 
fractures both the Neer and the Hertel classification had a fair to substantial inter- and intra-
observer agreement. There was no statistically significant difference between the inter-
observer agreement for both classification systems, nor when comparing the different 
radiographic modalities. Overall, the Hertel classification showed a trend towards being a 
more reliable classification system. The Hertel classification showed a 35, 24 and 18% higher 
mean kappa value for inter-observer agreement than the Neer classification when applied to 
plain radiographs, CT-scans, and CT-scans with 3D-reconstructions, respectively. In previous 
studies, both the inter-observer agreement (kappa 0.27-0.64) as well as the intra-observer 
agreement (kappa 0.19-0.66) for the Neer classification on plain radiographs were generally 
higher than the agreement observed in the current study (κ=0.29 and κ=0.40, respectively).11, 
27 This difference could be explained by the fact that we selected only patients with 
comminuted fractures. Classification of these types of fractures is known to have poorer 
inter- and intra-observer agreement.14 One study used 3D-printed models of proximal 
humeral fractures instead of radiographic images. They demonstrated a higher inter-observer 
agreement for the Hertel classification compared with the Neer and AO classification (κ=0.44 
versus κ=0.33 and κ=0.11, respectively).14 which is in line with the present study results.  
  The inter-observer reliability for both the Hertel and the Neer classification was 
higher when classified on CT-scans (with or without 3D-reconstructions) than when 
classified on X-rays. The 3D-volume rendering, however, did not improve the inter-observer 
agreement of the Neer classification. Although this may be due to the fact that the reviewers 
were more used to assessing fracture patterns on plain CT-scans, it is also in agreement with 
previous data.14, 28 This study showed that the same holds true for the Hertel classification. 
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Inter-observer agreement of the Hertel classification was substantial (κ=0.63) when applied 
to CT-scans alone and fair (κ=0.60) when applied to CT-scans with 3D-reconstructions. The 
intra-observer reliability for the Neer and Hertel classifications increased from fair on X-ray 
to moderate on CT. Reliability using 3D-reconstructions improved even further for the Neer 
classification, but not for the Hertel classification. All observers judged the Hertel 
classification as the simpler to use system. For the Hertel classification, the observers had 
difficulties discriminating type 7 from 12, implying that the fracture line separating these 
types requires specific attention. For the Neer classification, no specific disagreement was 
found. Most difficulties for the Neer classification were directly related to the measurements 
required to be able to use this classification appropriately. Especially the reference points for 
the degrees of dislocation and the measurement of the degrees of angulation proved difficult. 
This suggests that the Hertel classification is a more straightforward classification, although 
this was not supported by a significantly improved agreement. 
This study had some limitations. The inter- and intra-observer agreement for the two 
classification systems was not studied when applied to a combination of plain radiographs 
and CT-scans in the same session. Although this would more closely reflect common 
practice, most previous studies used the same method. Moreover by this method it was 
possible to assess both classification systems for the different imaging modalities separately. 
Nevertheless, it could be an interesting topic for further research. Another limitation is the 
selection of the radiographic images by a single person. This person however was not an 
observer. All radiographic images were blinded and randomized for each observer during all 
of the evaluations. This minimized the chance that images would be memorized and made 
exchange of data between observers impossible. Also, in order to accurately reflect daily 
routine, the quality of the radiographic images was not used as an exclusion criterion. The 
radiographs used by the treating surgeons were considered as of good enough quality, since 
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the treatment strategies were based on them. So no additional quality aspects were added to 
the inclusion criteria. Although the strength of this study is the number of patients enrolled, 
the number of observers was relatively low. This may have contributed to not finding 
statistically significant results when comparing the Hertel and Neer classifications. As a final 
limitation, both classification systems share the inability to designate risk factors for a 
disrupted perfusion of the humeral head; an important determinant in the choice of treatment 
in comminuted fractures of the proximal humerus. These factors include the size of the calcar 
segment, the part of the metaphysis that remains attached to the head (metaphyseal 
extension), of less than 8 mm and disruption of the medial hinge of more than 2 mm, which is 
the pivot point of the head at the level of the posteromedial fracture line. An intra-operative 
perfusion study has proven that Hertel fracture types 2, 9, 10, 11 and 12 are prone to develop 
avascular necrosis.18  
In conclusion, the results of the current study showed a moderate inter-observer 
agreement for both the Hertel and the Neer classifications for radiographs. When applied to 
CT-scans, the Hertel classification showed a trend towards a higher inter-observer agreement 
than the Neer classification, i.e., substantial versus moderate, respectively, but this was not a 
significant difference. Although inter-observer agreement was highest for Hertel 
classification on CT-scans, Neer classification had the highest intra-observer agreement on 
3D-reconstructions. Data of this study do not confirm superiority of either classification 
system for the classification of comminuted proximal humeral fractures. 
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